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Abstract Pteropodid bats damage a wide range of fruit crops, exacerbated by 
continuing loss of their natural food as forests are cleared. In some countries 
where such damage occurs, bats are not legally protected. In others, as a result 
of pressure from fruit growers, legal protection is either not implemented or over-
ridden by legislation specifically allowing the killing of bats. Lethal control is 
generally ineffective and often carried out with shotguns making it an animal wel-
fare issue, as many more animals are injured or orphaned than are killed. Here, 
we review the literature and current state of the conflict between fruit growers and 
pteropodids and describe a wide range of potential mitigation techniques. We com-
pile an extensive list of bats and the fruit crops on which they feed where this has 
resulted in conflicts, or could lead to conflict, with fruit growers. We also discuss 
the legal status of bats in some countries where such conflicts occur. We found the 
most effective means of preventing bat damage to crops is the use of fixed nets 
(that generally prevent entanglement) covering a whole orchard. Netting indi-
vidual trees, or fruit panicles, using small net bags, is also effective. Management 
methods that assist netting include pruning to maintain low stature of trees. These 
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exclusion techniques are the best management options considering both conserva-
tion and public health issues. Although lights, sonic and ultrasonic noises, noxious 
smells and tastes have been used to deter bats from eating fruit, there have been no 
large-scale systematic trials of their effectiveness. Nevertheless, broadcasting the 
sound of discharging shotguns followed by the sound of wounded bats has proved 
effective in Australia. The use of decoy fruit trees is the least investigated method 
of mitigation and requires detailed knowledge of the natural diet of the bat species 
involved. The few studies of dietary preferences undertaken to date suggest that 
bats prefer non-commercial fruit when it is available, and we highlight this as an 
area for future research.
13.1  Introduction
The Old World bat family Pteropodidae is distributed throughout the tropics and 
subtropics of Australasia, Africa and Oceania (Marshall 1983; Mickleburgh et al. 
1992). It comprises 196 species (Simmons 2005) that feed primarily on fruit, flow-
ers (nectar, pollen, petals and bracts) and leaves of at least 188 plant genera from 
64 families (Lobova et al. 2009; Fleming and Kress 2011), although some species 
have also been recorded eating insects (e.g. Clulow and Blundell 2011; Scanlon 
et al. 2013). Fujita (1988) and Fujita and Tuttle (1991) used the term ‘flying foxes’ 
to refer to all bats in the family Pteropodidae, but we restrict this term to the 70 
species in the genera Pteropus and Acerodon (IUCN 2014), following the defini-
tion outlined by Kingston (2010), and use the term ‘fruit bats’ for the remainder.
Although bat–plant interactions were first recorded in 1772, it is now known 
that coevolution has shaped these complex interrelationships over millennia, pro-
ducing bat-flower and bat-fruit syndromes (Marshall 1983; Fleming et al. 2009). 
This phytophagous diet results in valuable ecosystem services of pollination and 
seed dispersal (Kunz et al. 2011). Pteropodid bats are responsible for propagat-
ing at least 289 species of plants, of which 186 provide economically important 
resources and products including fruits, drinks, foods, ornamental plants, tim-
bers, fibres, tannins, dyes, medicines, and animal fodder (Fujita and Tuttle 1991; 
Lobova et al. 2009). In addition, large populations of flying foxes are necessary to 
maintain the health of Old World tropical forests (Fujita and Tuttle 1991; Nyhagen 
et al. 2005; McConkey and Drake 2006). Such healthy functioning ecosystems 
ultimately provide humans with additional benefits such as climate regulation, 
nutrient cycling, water filtration, and erosion control (Kunz et al. 2011).
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Dependence on plant materials has also led to a long history of interactions between 
these bats and humans, particularly at shared food resources. Flying foxes with striped 
faces are depicted in aboriginal cave paintings in Kimberley, Australia, attributed to the 
Bradshaw people, between 17,000 and 60,000 years ago. Whether they brought such 
stripe-faced bats to the area or idolised the bat pollinator of a favoured tree, the baobab, 
in their drawings, is unknown. Genetic studies showed that baobab seeds were brought 
on their journey from Ethiopia to Australia, as an important provider of food, nutrients 
and building materials. This ancient rock art may be the first human recognition of the 
ecosystem services of pteropodids (Richards et al. 2012).
Despite the documented benefits of bats, negative attitudes towards them per-
sist among the general public (Marshall 1983; Fujita and Tuttle 1991; Kunz et al. 
2011). Pteropodid bats, in particular flying foxes, are frequently shot, persecuted 
and even legally culled as agricultural pests (Bumrungsri et al. 2009; Epstein et al. 
2009). In Thailand, for example, farmers of durian (Durio zibethinus) set nets to 
catch the dawn bat (Eonycteris spelaea) visiting their trees when in flower and 
leave the bats to die, because they see that flowers fall after bat visits and conclude 
that bats have destroyed them (S. Bumrungsri, unpublished). In fact, the flowers 
fall naturally after the bats have pollinated them, but unhelpful misconceptions 
such as this exacerbate the conflict between bats and humans. In addition, ptero-
podid bats are hunted intensively for food and medicinal uses (including commer-
cial trade), leading to severe declines throughout their range (Epstein et al. 2009; 
Mickleburgh et al. 2009; Harrison et al. 2011). Estimates based on current defor-
estation rates in Southeast Asia project that many pteropodids may become glob-
ally extinct by the end of this century (Lane et al. 2006), with flying foxes being of 
particular concern in Southeast Asia due to intense hunting pressure (Struebig et al. 
2007; Meyer et al. in press). The Old World Fruit Bat Action Plan (Mickleburgh 
et al. 1992) helped stimulate research on pteropodids but is now out of date and is 
being revised. The conservation status of these bats has worsened since the plan 
was published, and a quarter of all species are now endangered (IUCN 2014).
Here, we review the current state of knowledge regarding human–pteropodid 
interactions by geographic region, legal policies affecting pteropodid bats, and 
methods of mitigating the damage they cause to fruit crops.
13.2  The Extent of Feeding by Bats on Fruit Crops  
and Its Implications
The fruit crops which bats have been reported to damage are listed in Table 13.1.
13.2.1  The Mediterranean
Madkour (1977), writing about the Egyptian fruit bat (Rousettus aegyptiacus) 
in Egypt, stated that it was ‘a highly dangerous fruit pest’ and that ‘its control is 
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of great economic importance’. He reported that there were records of the spe-
cies attacking cultivated fruit trees, and during the course of his study, they were 
recorded feeding on apple (Malus domestica), apricot (Prunus sp.), banana (Musa 
sp.), custard apple (Annona sp.), date (Phoenix sp.), mandarin (Citrus reticulata), 
mango (Mangifera indica), mulberry (black Morus nigra and white M. alba), 
orange (Citrus sinensis), peach (Prunus persica), pear (Pyrus sp.), plum (Prunus 
sp.), pomegranate (Punica granatum) and strawberry (Fragaria sp.). However, 
there was no mention of whether this was recorded from in situ observations or 
feeding trials in captivity.
Korine et al. (1999) showed that R. aegyptiacus in Israel ate mainly non-
commercial fruits and also to a lesser extent leaves and pollen, challenging the 
assumption that this species is a major agricultural pest. Out of 14 identified plant 
species comprising its diet, only four are grown commercially in Israel: persim-
mon (Diospyros kaki), loquat (Eriobotrya japonica), fig (Ficus carica) and date 
(Phoenix dactylifera), with the largest component consisting of figs (Ficus spp.). 
The perception of R. aegyptiacus as a pest (Harrison 1964; Moran and Keidar 
1993) led to conflict with farmers, resulting in extermination programs that 
reduced its population in the country (Korine et al. 1999; Hadjisterkotis 2006). As 
these control measures involved widespread fumigation of caves by the authori-
ties, using the chlorinated hydrocarbon lindane, many populations of cave-dwell-
ing insectivorous bats were also drastically reduced (Makin and Mendelssohn 
1987). Other reports from Israel detail bats consuming commercial fruits such as 
apples, bananas, carobs (Ceratonia siliqua), dates, grapefruits (Citrus paradisi), 
lychees (litchi; Litchi sinensis), mandarins, pears and pomegranates (Galil et al. 
1976; Moran and Keider 1993; Izhaki et al. 1995). However, the overall extent of 
actual damage to fruit crops is unknown and requires further detailed investigation.
In Lebanon, R. aegyptiacus was observed feeding on carobs, dates and figs. 
Its preference for dates and figs in particular, which are also cultivated for human 
consumption, caused it to be the only bat species considered to be of economic 
importance there. Farmers used shotguns to kill bats, and even though fruit such 
as dates could be protected by cloth bags or nets before ripening, this was seldom 
done. Some farmers were even known to starve populations of bats in caves by 
placing nets over the roost entrance (Lewis and Harrison 1962).
Qumsiyeh (1980) initially stated that the population of R. aegyptiacus in Jordan 
was increasing. However, more than a decade later, Qumsiyeh et al. (1992) con-
cluded that the species was already under threat due to destruction of its roost 
sites, even though the issue of fruit crop damage had yet to be investigated in the 
country.
Albayrak et al. (2008) reported that in the Mediterranean region of Turkey, R. 
aegyptiacus fed on both wild and commercially grown fruits. Their study identi-
fied 15 different species, of which 13 were marketed: plum, loquat, apple (Malus 
sp.), fig (F. carica), pomegranate, grape (Vitis vinifera), persimmon, date, mul-
berry (Morus sp.), cherry (Prunus sp.), peach, apricot and citrus (Citrus sp.). 
Wild fruits were consumed only during the winter. They concluded that fruit bats 
could have a considerable impact on fruit crops, with farmers in Hatay Province 
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claiming that bats consumed 10–15 % of their loquat harvest. Fruit bats were thus 
considered to be serious pests and were subsequently killed regularly. According 
to Spitzenberger (1979), in the past, this involved fumigating roost caves or wall-
ing up their entrances. Harrison and Bates (1991) reported that farmers caged their 
commercial fruit trees in order to protect them from R. aegyptiacus. However, a 
more recent study in 2012 found that local people in Turkey did not consider bats 
to be as much of a problem as birds (E. Coraman, pers. comm.).
In Cyprus, only anecdotal reports were previously available for the diet of R. 
aegyptiacus. A preliminary assessment of its diet was carried out by Del Vaglio 
et al. (2011) from droppings, in order to determine the bats’ real impact on crops. 
The diet consisted mostly of fruits, several species of which were the same as 
those reported by Korine et al. (1999) for Israel and Albayrak et al. (2008) for 
Turkey. The species is an opportunistic forager, with non-native plants forming 
an important component of its diet, yet Del Vaglio et al. (2011) concluded that 
its damage to economically important plants in Cyprus is negligible. Their study 
found that the bat fed mainly on wild fruits and escaped ornamental plants and that 
only five out of the 11 plant species it consumed—citrus, fig, loquat, mulberry and 
plum—were grown as commercial fruit crops in Cyprus.
13.2.2  Africa and the Indian Ocean
In Guinea, mango and cashew (Anacardium occidentale) farmers listed fruit bats 
among the mammals (together with monkeys, squirrels and other rodents) that 
cause damage to their harvest. The bats target ripening mangoes and cause sig-
nificant damage, identified by a visible seed protruding from the eaten lower part 
of the fruit. However, only 4 % of farmers identified fruit bats as pests, compared 
to 92 % who identified fruit flies as the most significant pest. Overall, according to 
the farmers, five species of insects, followed by squirrels, caused greater damage 
than bats. The majority of farmers did not carry out any pest management (Van 
Mele et al. 2009).
Entwistle and Corp (1997) examined the diet of Pteropus voeltzkowi), which 
is endemic to the island of Pemba, off the coast of Tanzania. They found that it 
consisted of a high proportion of cultivated fruit grown on ‘shamba’ plots, in par-
ticular mangoes which formed a key component of the diet during the duration 
of the study. Breadfruit (Artocarpus altilis) was also consumed. In addition, inter-
view surveys with villagers and students yielded additional cultivated fruit species 
among the food plants of this bat species (Table 13.1).
In the Indian Ocean, Dolbeer et al. (1988) described the Indian flying fox 
(Pteropus giganteus) as a major cause of damage to almonds (Prunus dulcis), 
guavas (Psidium guajava) and mangoes in the Maldives, although losses were 
not quantified. In Mauritius, the Agricultural Research and Extension Unit of 
the Food and Agricultural Research Council estimated an overall average of 
10 % of orchard lychee fruit was damaged by the Mauritian flying fox (Pteropus 
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niger). Ten trees were studied in each of three orchards and damage to individual 
fruit averaged 2, 7, and 17 %. In contrast, a smaller study of four longan trees 
(Dimocarpus longan) recorded damage to all fruit panicles. Mangoes were also 
damaged at a rate of 10–30 % (V. Dooblad, pers. comm.). In contrast, a recent 
study by Ramlugun (2013) in a lychee orchard found that high winds and intro-
duced birds, but not bats, resulted in fruit losses of 30 and 9.5 %, respectively. On 
Rodrigues (an autonomous island of the Republic of Mauritius), losses to back-
yard mango and lychee production were estimated at about 36 %, much of which 
was perceived to be to the Rodrigues flying fox (Pteropus rodricensis) (Price 
2013).
Oleksy et al. (2015) carried out GPS tracking of the Madagascan flying fox 
(Pteropus rufus) to determine its foraging movements and habitat selection in 
south-eastern Madagascar. The study revealed that this species has a strong pref-
erence for feeding on the nectar and pollen of sisal (Agave sislana) in overgrown 
plantations. These bats also feed on the fruits of avocado (Persea americana), 
lychee, mango and tamarind (Tamarindus indica). However, it was not mentioned 
whether this causes any conflict issues.
13.2.3  Indian Subcontinent
Bats are causing increasing economic loss in the Indian grape industry due to a 
decline in wild fruits and flowers, coupled with the increase of grape-growing 
areas. Verghese (1998) first drew attention to the damage caused by the greater 
short-nosed fruit bat (Cynopterus sphinx) to grapes in Bangalore where the vines 
are trained to grow on overhead trellises. They entered the vineyard through can-
opy gaps in the bower, not from the sides, and consumed only the juice of the 
fruit, while the pulp, seed and skin were discarded. Signs of bat damage included 
these remnants littered at the base of the grape vine, as well as grape bunches 
with bare stalks. The damage was greater in parts of the vineyard adjacent to open 
spaces, suggesting that growing non-commercial trees around the entire vineyard 
might deter bat foraging. Damage was lower in vines situated closer to an adjacent 
mango orchard.
Similarly in Andhra Pradesh State, Srinivasulu and Srinivasulu (2002) showed 
that the magnitude of damage caused by C. sphinx to grapes varied with the dis-
tance of the vines from the periphery of the vineyard. Damage was extensive 
(90 %) at the periphery, but none was recorded in the centre, where the higher 
density of the vines made approach flights difficult. In contrast, in Tamil Nadu 
State, C. sphinx was not known to damage grape crops; rather, eight bird species 
were the primary crop pests. There were also no records of this bat species dam-
aging sapota (Manilkara zapota) in that state; however, considerable damage was 
reported to mango and guava crops (Singaravelan 2002).
In the State of Karnataka, Chakravarthy and Girish (2003) recorded losses 
of 18 % of areca nuts (Areca catechu) caused by a population of 3500–4000 P. 
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giganteus and 2–28 C. sphinx. Bats also damaged 13–22 % of sapota fruits, 
although higher levels of damage were inflicted by birds. Up to 28 % of guava 
fruits were also damaged by bats. C. sphinx has also been recorded as damaging 
mango and guava in Tamil Nadu State but did not damage sapota (Singaravelan 
2002).
In Bangladesh, P. giganteus feeds on date palm sap (Phoenix sylvestris), widely 
harvested in the country as a beverage in the winter months (December–March) 
(Luby et al. 2006). Infrared camera traps have recorded P. giganteus and other 
pteropodid species (Cynopterus spp. and Rousettus leschenaultii) drinking from 
clay pots used to collect the sap at night (Khan et al. 2011), although the magni-
tude of the loss has not been investigated. This bat–plant sap interaction is a route 
for the transmission of zoonotic disease (see 13.3).
In Pakistan, P. giganteus is also labelled as vermin due to a perception that it 
raids fruit crops in orchards (Mahmood-Ul-Hassan et al. 2010). Apart from areca 
nuts, sapota and guava, it is also blamed for heavy economic losses of crops of 
mango and jamun (Syzygium cumini) (Roberts 1997; Chakravarthy and Girish 
2003). However, a dietary study conducted by Mahmood-Ul-Hassan et al. (2010) 
in Lahore found that P. giganteus feeds primarily on wild figs rather than com-
mercial crops. The study concluded that the perception of P. giganteus as a pest is 
a misconception, and its economic value as a pollinator is far greater for the fruit 
industry.
In Sri Lanka, according to Yapa et al. (1999), fruit farmers claimed that pter-
opodid bats (C. sphinx, R. leschenaultii and P. giganteus) damage fruit trees in 
plantations and home gardens. Fruits that were specifically identified as suffering 
heavy damage by C. sphinx were mango and rambutan (Nephelium lappaceum), 
with mango thought to be particularly vulnerable in monoculture plantations. 
Bananas (Musa paradisiaca), papayas (paw-paws; Carica papaya) and even pine-
apples (Ananas comosus) were apparently also targeted. Their study concluded 
that C. sphinx was ‘capable of causing heavy damage’ and could thus potentially 
be a ‘major fruit pest’. Earlier, casual records collected by Phillips (1980) also 
reported guava, mango, soursop and several palm species being consumed by pter-
opodids in Sri Lanka.
13.2.4  Southeast Asia
Although there are 95 species of pteropodids, including 31 flying foxes (IUCN 
2014) in Southeast Asia, there is little published information on fruit crop dam-
age caused by bats. Perception of damage is however widespread and has implica-
tions for conservation. For example, it may explain the Malaysian government’s 
reluctance to provide full protection for the nation’s flying foxes (large flying fox 
Pteropus vampyrus and island flying fox P. hypomelanus) by halting licensing 
which has led to unsustainable hunting (Epstein et al. 2009). So far, little attempt 
has been made to investigate the issue of conflict or quantify the economic loss.
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Fujita (1988) reported that pteropodid bats, specifically flying foxes and the 
lesser dog-faced fruit bat (Cynopterus brachyotis), are considered pests by orchard 
owners interviewed in Malaysia and Indonesia and are therefore shot when they 
visit these orchards. Fruit growers considered bats to be particularly problematic 
for rambutan, langsat (Lansium parasiticum) and water apple (Syzygium aqueum), 
which are all important market fruits. The owner of one of the largest langsat 
orchards in Peninsular Malaysia revealed that if measures were not taken to pro-
tect his fruit crop several days prior to harvest, 20 % of the crop would be lost 
to bats. However, he also considered that simple protective measures could be 
undertaken such as shining bright lamps, lighting fires under the trees, or shooting 
to scare the bats away, in which case the damage would be negligible. This same 
orchard owner also appeared to display an understanding of the importance of 
pteropodids as seed dispersers—he considered that almost all of the langsat trees 
in his village resulted from seeds dropped by bats. His langsat fruit was typically 
harvested for sale in the local market.
Fujita and Tuttle (1991) conducted some preliminary investigations into bat 
pest control in Malaysia and Indonesia, interviewing six plantation/orchard own-
ers and six professional hunters. Owners employed bounty hunters to eradicate 
bats during flowering and fruiting seasons who could earn up to USD 3 per bat, 
shooting as many as 100 in one night from a single plantation. A group of three to 
five hunters regularly patrolled an orchard, using bright lights to locate the bats. 
According to one hunter, up to seven bats could be hit with a single shot (Fujita 
1988). These bats were killed in disproportionately large numbers despite plan-
tation/orchard owners reporting that more significant damage was caused by 
other animals such as giant squirrels (Ratufa spp.), pig-tailed macaques (Macaca 
nemestrina), binturong (Arctictis binturong), Timor deer (Cervus timorensis) 
and bearded pigs (Sus barbatus). A professional hunter employed by a pulp and 
paper plantation in Sabah (Malaysian Borneo) reported that in 1983 alone he pur-
chased 2000 rounds of ammunition for sport shooting of flying foxes that were 
attracted to the eucalyptus flowers. He also reported that bats were killed in the 
thousands annually during 1983 and 1984, but that their numbers had been drasti-
cally reduced by 1985 (Fujita and Tuttle 1991). Using population models based on 
roost census data and numbers of hunting permits issued in Peninsular Malaysia, 
Epstein et al. (2009) found that rates of hunting were unsustainable and would 
lead to local extinction of P. vampyrus.
Gumal et al. (1998) acknowledged that in Sarawak (Malaysian Borneo), an 
increase in commercial fruit crops, coupled with the loss of habitats such as beach 
forests, mangroves and peat swamps, has resulted in flying foxes foraging in orchards 
and farms. This encroachment has led to them being labelled as pests, and it is rea-
sonable to assume that a similar situation occurs in Sabah and Peninsular Malaysia.
On Tioman Island (Peninsular Malaysia), P. hypomelanus was reported by local 
people to feed on a wide range of cultivated fruit trees in their villages, where 
the bats also roost. This happens despite the fact that wild food resources are still 
widely available in nearby largely intact forest and has resulted in conflict with 
villagers despite the fruit being cultivated for personal consumption rather than 
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a source of livelihood. Seeds of mango, cashew and rambutan have been found 
beneath day roosts, and people also frequently reported that the bats feed on 
langsat, mata kucing (Euphoria malaiense) and various types of Syzygium fruits. 
Durian (D. zibethinus) pollen has been found in flying fox faeces, and camera-
trapping in durian trees has confirmed that P. hypomelanus feeds on durian flow-
ers. Preliminary observations of feeding behaviour suggest that only the nectar is 
sought, leaving the flowers intact on the branch, and as such, these bats probably 
perform an important pollination service. Yet some villagers believe that the bats 
damage or remove the flowers, thereby affecting fruit set (S.A. Aziz, unpublished).
Farmers in Peninsular Malaysia use large, treble fishing hooks and monofilament 
line set in fruit orchard trees to capture flying foxes. This inhumane method is often 
lethal, and its efficacy in protecting crops has not been tested. One male P. vampy-
rus used in a satellite telemetry study was captured in a rambutan orchard in Johor, 
Malaysia, using this method and released after sustaining minor injuries (Epstein et al. 
2009; K.J. Olival, unpublished). Gumal et al. (1998) concluded that there is a need to 
investigate non-lethal methods for protecting orchards and fruit gardens against bats.
In 2005, a newspaper article highlighted the overall decline of Pteropus in 
Malaysia, attributing it to logging and hunting (Teoh 2005). Interestingly, it cau-
tioned that this would negatively affect cash crops such as durian (D. zibethinus), 
petai (Parkia speciosa), rambutan and langsat, highlighting the flying fox’s role 
as a pollinator for these trees. However, some confusion may have arisen between 
flying foxes (Pteropus spp., Acerodon spp.) and smaller fruit bats such as E. spe-
laea, since Fujita (1988) and Fujita and Tuttle (1991) use the term to refer to all 
bats of the family Pteropodidae.
In southeast Thailand, fruit farmers stated that Lyle’s flying fox (Pteropus 
lylei) damages less than 10 % of harvestable mangoes, and far fewer bananas, 
water apples (Syzygium javanicum) and santol (Sandoricum koetjape). Damage 
is reduced when fruit trees are mixed compared to monoculture systems. Farmers 
with mango monocultures treated flying foxes as pests, but most farmers with 
mixed fruit orchards did not regard them as such (S. Bumrungsri, unpublished). 
According to these farmers, these flying foxes feed mainly on several fig species, 
especially F. religiosa which is regarded as a sacred tree in Buddhist Thailand. 
These figs are common in the landscape, particularly in temples. Flying foxes also 
feed on flowers of the agate or hummingbird tree (Sesbania grandiflora), com-
monly found across South and Southeast Asia and in villages in Thailand, where 
the flowers and young pods are consumed by people. Farmers also mentioned that 
flying foxes forage in groups of 10–15 individuals and keep returning to the same 
feeding area on consecutive nights (S. Bumrungsri, unpublished).
More recently, Weber et al. (2015) conducted GPS tracking of P. lylei in central 
Thailand. Tracked bats were found to forage mostly in farmland, plantations and 
gardens. All 34 recorded food plant species were noted to also be useful to local 
people, though not necessarily as fruits for sale or consumption. Thirty-one species 
were identified as fruit resources, and an unspecified 42 % of these were cash crops 
(therefore, the only species listed in Table 13.1 are ones that the authors know are 
cultivated by people in Southeast Asia for either fruits or flowers). Only mango, 
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cashew, banana and tamarind were mentioned specifically as having high economic 
value or as being cultivated crops. Mangoes were also the most frequently eaten 
fruit, followed by bananas and tamarind. Such competition for resources between 
bats and humans was acknowledged as a potential source of conflict. Local farmers 
confirmed that flying foxes are hunted as an orchard pest in this area.
In Indonesia, Huang et al. (2014) have studied Cynopterus feeding in cof-
fee (Coffea spp.) plantations in Sumatra. Most growers (93 % of 16 interviewed) 
reported that bats visit their plantations. Coffee berries are taken to feeding perches 
and the beans discarded after the pericarp is eaten. This study is now investigating 
the potential of marketing bat-discarded coffee beans as a premium wildlife product.
A recent dietary study on P. giganteus in the Mandalay region of central Myanmar 
(Win and Mya 2015) also interviewed local villagers to determine the extent of con-
flict between flying foxes and fruit tree owners. The bats were found to feed on 24 
fruit species, 13 of which were also eaten by people. Of these, only three—guava, 
mango and tamarind—were of commercial importance. Morinda angustifolia and 
Azadirachta excelsa are used for medicinal purposes, while Ceiba pentandra is 
still used for stuffing pillows (a practice that is dying out in other Southeast Asian 
countries). Despite this, local people view the bats positively, and no conflict was 
reported. The authors of the study concede that a superabundance of mangoes is one 
reason why people are still willing to tolerate a certain amount of fruit loss.
13.2.5  Australia and Papua New Guinea
Australia has the oldest and most comprehensive records documenting the issue 
of flying foxes and fruit crop damage. Ratcliffe (1931) provided detailed reports 
on ‘depredations’ by flying foxes on both commercial orchards and garden trees 
in New South Wales (NSW) and Queensland. Although flying foxes were known 
to feed on bananas, citrus fruits, mangoes and grapes, losses were not significant 
enough for the bats to be considered ‘economic pests’. Slight losses were reported 
for papayas, some losses for pome fruit (fruits of the family Rosaceae having sev-
eral seed chambers and an outer fleshy part, such as an apple or pear) and stone 
fruit (fruits of the genus Prunus with flesh or pulp enclosing a stone, such as a 
peach, nectarine, plum, or cherry), and heavy losses for figs (Ficus spp.). For some 
fruits such as bananas, mangoes and papayas, the regular practice of picking them 
before they ripen was often sufficient to avoid heavy losses to flying foxes.
Despite these known losses, the extent of flying fox damage to commercial fruit 
has seldom been quantified in Australia, even in more recent reports. Eby (1995) 
refers to ‘substantial financial loss to growers’ and lists a relatively large number 
of commercial exotic fruits on which Pteropus spp. feed, although damage was 
of particular concern to growers of stone fruits and banana. Stacey (1990) refers 
to heavy stone fruit losses during the prolonged drought conditions of 1986, with 
bats eating immature green fruit. Waples (2002) reported that most requests for 
licences to shoot flying foxes in NSW came from growers of stone fruits and 
lychee, but that damage was also reported to guava, mango, banana, pome fruits 
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and coffee. Signs of damage include broken branches, clawed fruit and fruit rem-
nants under trees (Comensoli 2002). Ullio (2002) reported that from 1995 to 
2000, fruit growers in NSW suffered an annual gross market value loss of AUD 
10.4 million due to consumption by flying foxes. When taking into account the 
resulting loss to affiliated industries such as packaging, employment, transport 
and marketing, the overall financial loss was estimated to be around AUD 26 mil-
lion annually. Prior to 1998, on the north coast of NSW, only stone fruit, lychee 
and persimmon were consistently eaten by flying foxes in significant quantities 
(Rogers 2002). Losses increased dramatically from 1998, particularly in orchards 
without netting. The stone fruit industry suffered a loss of AUD 4–6 million (not 
including preharvest costs, which usually exceed AUD 20,000). Sixty per cent of 
orchards without netting suffered losses of 50–100 %, around AUD 45,000 per 
grower. The mandarin industry reports losing at least 40 % of its annual crop, 
while in 2001, an individual lychee grower reported a loss of more than AUD 
500,000 in the unnetted section of her orchard (Rogers 2002). Comensoli (2002) 
measured the damage caused by flying foxes to his nectarine (P. persica) orchard, 
estimating that 20 % of ripe fruit was damaged over a period of 19 days, reducing 
the annual profit from his entire crop by 16 %. In Queensland, orchardists also suf-
fered particularly high crop damage in the summer of 1998. The estimated total 
loss for that season was approximately AUD 10 million (Teagle 2002), with some 
growers having lost up to 90 % of their crop (Dewhurst 1998). It should be noted, 
however, that the above estimates of orchard losses have not been verified and 
originate primarily from growers.
Due to this perceived high economic loss, the Australian fruit industry consid-
ers species of Pteropus to be its main vertebrate crop pests (Ullio 2002). Yet it has 
been acknowledged, even among fruit growers, that increasing feeding by flying 
fox on commercial crops is due to the loss of natural food resources as the rainfor-
ests, heathland and Melaleuca swamps of Australia’s eastern seaboard have been 
increasingly cleared for urban development (e.g. Bicknell 2002; Biel 2002; Gough 
2002; Rogers 2002). As a result, Biel (2002) and Rogers (2002) proposed that fruit 
growers should be financially compensated for economic loss and that the wider 
community should also bear the cost of mitigation and biodiversity conservation.
Details of bat–grower conflict in Papua New Guinea are scant, but a report by 
Hicks (1967) stated that bats and birds together caused the loss of 8.7 % of cocoa 
(Theobroma cacao) pods from an orchard from 1962 to 1965.
13.2.6  The Pacific
Luskin (2010) studied the foraging behaviour of the Pacific flying fox (Pteropus 
tonganus) in a landscape mosaic in Fiji. He found that mean foraging density was 
four times higher in farmland compared to native dry forest, with high foraging 
competition taking place almost completely in farmland alone. Severe deforesta-
tion has resulted in a large bat population that has shifted away from feeding on 
flowers in forests to feeding more on fruits in farms. However, no observations 
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were made on which type of fruits suffered predation. Farmland resources, with 
their higher fecundity, now appear to be the staple of P. tonganus’ diet. Daily, cre-
puscular mass migration from forests to farmlands has reduced feeding density in 
forests, thus reducing the aggressive feeding interactions needed to catalyse effec-
tive seed dispersal necessary for forest regeneration (McConkey and Drake 2006). 
The loss of this ecological role could be disastrous for Pacific tropical dry for-
est, which is a critically endangered habitat (Myers et al. 2000). Also, while the 
abundance of farmlands has buffered the flying fox population from the effects of 
extensive deforestation, further research is needed to determine what damage or 
effects this may have on fruit crops, as well as flying fox nutrition.
In Japan, previous studies on the Ryukyu flying fox (Pteropus dasymallus) 
focused on diet and did not report any conflict with humans (e.g. Funakoshi et al. 
1993; Nakamoto et al. 2007, 2009; Lee et al. 2009). In the Ryukyu Archipelago, 
Nakamoto et al. (2007) reported that Orii’s flying fox (P. dasymallus inopina-
tus) on Iriomote-jima Island is a generalist forager, with almost 50 % of its diet 
consisting of cultivated or naturalised plants. The majority (67.9 %) of its diet 
throughout the year is composed of fruits. Although its main food resource is Ficus 
microcarpa, the subspecies appeared to adopt a varied diet through intense use 
of abundant planted trees, as a response to unstable food conditions in an urban 
environment. Some of these plants are from gardens, parklands and walkways, but 
others are agricultural plants from plantations. On Iriomotejima Island, Lee et al. 
(2009) found that the Yaeyama subspecies (P.d. yayeyamae) had a comparably less 
diverse diet and was more abundant in forest compared to cultivated areas, with 
figs again dominating its diet. Yet bats were still observed in larger groups fre-
quenting villages containing fruit trees. Neither study mentioned predation of eco-
nomically important fruit as being an issue of concern, and conflict with humans 
had not been previously identified by anyone as a threat for this particular species.
However, a more recent study by Vincenot et al. (2015) has revealed for the 
first time that farmers do indeed kill P.d. yayeyamae, illegally, because it feeds 
on crops. Face-to-face interviews and direct observations have shown that flying 
foxes are frequently killed either through netting, poison or physical beatings, to 
stop them from feeding in plantations of banana, citrus, guava, loquat, pineapple 
and sugar cane (Saccharum officinarum). This persecution has clearly contributed 
to continuing declines that were noticeable to interview respondents, and which 
contradicts the IUCN’s decision in 2008 to downgrade the Red List status of P. 
dasymallus from endangered (EN) to near threatened (NT).
13.3  Food-Borne Zoonotic Disease Risk from Pteropodid 
Bats
An additional concern to crop damage caused by pteropodid bats is the poten-
tial for zoonotic disease transmission via fruit contaminated with bat excreta (i.e. 
saliva, urine, faeces). Old World fruit bats are natural reservoirs to a number of 
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such diseases, including several emerging viruses that have limited or no patho-
genicity in their bat hosts but high fatality rates in people. These include Ebola 
viruses (Leroy et al. 2005), Marburg virus (Towner et al. 2009), Nipah virus 
(Rahman et al. 2013), Hendra virus (Halpin et al. 2000), and lyssaviruses in 
Australia (Mackenzie et al. 2003) and Thailand (Lumlertdacha et al. 2005). While 
the transmission pathway for each virus is not always known, there is compel-
ling evidence, in a small number of cases, that points to a food-borne route, most 
notably multiple spillover events of Nipah virus from Pteropus giganteus to peo-
ple in Bangladesh (see below). Filoviruses (Ebola and Marburg) are also of great 
consequence to human health, as evident from the large west Africa outbreak of 
Zaire Ebola virus that began in early 2014. Much remains unknown about the 
natural hosts and ecology of filoviruses in bats (Olival and Hayman 2014), but 
Ebola virus may be transmitted from bats to humans through faeces (Swanepoel 
et al. 1996), but most likely through direct contact with blood (i.e. prepar-
ing hunted bats) (Leroy et al. 2009) or via contact with dead-end host carcasses 
(e.g. gorillas) (Leroy et al. 2004). Recent experimental studies have shown that 
Marburg virus can be excreted in bat saliva, answering important questions about 
its potential zoonotic spread via the oral route (Amman et al. 2014a). It has been 
postulated that bats and gorillas may share Ebola virus through contact at shared 
fruit resources, but this has not been verified and additional research is needed 
to better understand the ecological connections between bats and other mam-
mal hosts in the transmission of these diseases (Groseth et al. 2007; Olival and 
Hayman 2014).
Henipaviruses (Hendra and Nipah viruses) are recently emerged paramyxo-
viruses that originate primarily from Pteropus spp. as their natural reservoir. 
Transmission of Hendra virus in Australia and Nipah virus in Malaysia from bats 
to intermediate or amplifying domestic animal hosts (horses and pigs, respec-
tively) likely occurred though consumption of partially chewed fruit contaminated 
with bat saliva or ingestion of bat urine under bat foraging sites (Field et al. 2001; 
Chua et al. 2002). Henipaviruses have been shown experimentally to remain viable 
on the surface of mango and in other tropical fruit juices (lychee and papaya) from 
2 h to 2 days depending on temperature and pH (Fogarty et al. 2008). Similarly, 
Chua et al. (2002) successfully isolated Nipah virus from a fruit in the wild that 
was partially eaten by P. hypomelanus. Thus, the risk of oral transmission of hen-
ipaviruses to humans via consumption of partially chewed fruit exists, although 
it is likely to be low. However, direct transmission of Nipah virus from bats to 
people occurs in Bangladesh nearly every year through the consumption of date 
palm sap, presumably contaminated with urine, saliva or faeces from infected P. 
giganteus (Luby et al. 2006; Rahman et al. 2012). Preventive measures are being 
used to block bats’ access to date palm sap collection pots and reduce the risk 
of Nipah virus transmission (Nahar et al. 2010). Other mitigation measures that 
reduce the overall damage of crops by pteropodid bats will further mitigate any 
risk, however small, of zoonotic disease transmission via this route. Culling bat 
populations as a form of disease control is rarely effective and often has the oppo-
site effect of increasing transmission and risk. This was recently demonstrated 
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during an attempt to eradicate a population of R. aegyptiacus as a form of Marburg 
virus control, where prevalence of the virus significantly increased after the cull 
(Amman et al. 2014b). Additional approaches to reducing bat–human contact at 
potential disease interfaces should be developed, and disease mitigation should be 
carried out in a way that reduces risk without impacting bat populations.
13.4  Legislative Approach to Reducing Pteropodid 
Damage to Crops
13.4.1  Australia
Australia has 13 species of pteropodids, seven of which are flying foxes. Some are 
listed under the federal government’s Environmental Protection and Biodiversity 
Conservation (EPBC) Act 1999 and several state wildlife protection laws.
Flying foxes became protected species in the State of New South Wales (NSW) 
in 1986 under the National Parks and Wildlife Act 1974. Since then, farmers and 
fruit growers have been required to obtain licences from the NSW National Parks 
and Wildlife Service (NPWS) in order to shoot flying foxes to protect their crops 
(Waples 2002). Licences are granted only when a NPWS representative has visited 
the orchard to inspect and assess whether the damage is severe enough to warrant 
culling (Comensoli 2002). Each licence allows a maximum of 50 flying foxes to 
be shot, and no more than two licences can be granted per landowner per season. 
Licence holders are required to submit reports on actual numbers of flying foxes 
killed (Waples 2002). However, in practice, this licensing system is far from per-
fect, as compliance monitoring and enforcement are neither practical nor feasible, 
and therefore, records can be unreliable (McLachlan 2002; Waples 2002; Thiriet 
2010).
In 2001, the NSW government changed the listing of the grey-headed fly-
ing fox (Pteropus poliocephalus) from Protected to Vulnerable under the NSW 
Threatened Species Conservation Act 1995 (Eby and Lunney 2002). This resulted 
in negative reactions from the commercial fruit industry (e.g. Biel 2002; Bicknell 
2002; Bower 2002; Comensoli 2002; Thiriet 2010), as it meant that even if shoot-
ing of the threatened species were still permitted for crop protection, it would be 
subject to a tighter licensing system, resulting in socio-economic repercussions, 
particularly for small growers (Bower 2002; Comensoli 2002; Ullio 2002; Waples 
2002). The state government subsequently continued to allow shooting of the spe-
cies for crop protection (Thiriet 2010). However, at the time of writing, the NSW 
government has now banned shooting of flying foxes as an orchard control method 
(G.  Richards, unpublished).
In July 2011, in order to eliminate the need to issue shooting licences and to 
mitigate flying fox damage to crops, the NSW government introduced a AUD 
5 million scheme to subsidise the cost of installing netting for commercial 
orchardists in the Sydney Basin and Central Coast regions, where impacts occur 
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every year. Once a netting subsidy has been received, the orchardist is no longer 
eligible for a shooting licence for the netted area of the property. Subsidies are 
intended to meet half the cost of installing netting and are capped at AUD 20,000 
per hectare. Orchardists are responsible for all ongoing maintenance and replace-
ment costs. Not only are flying foxes (and parrots) excluded from the fruit crops, 
but hail damage is also reduced. This often means that the cost of netting is recov-
ered in the season following its installation. Because netting in now subsidised, 
from July 2015, licences to shoot flying foxes as a crop protection measure will 
only be issued where damage to orchards is the result of special circumstances 
(e.g. the orchard is on terrain too steep to net). The issuing of such licences will 
eventually be phased out.
P. poliocephalus and the spectacled flying fox (P. conspicillatus) were listed as 
Vulnerable under the EPBC Act 1999, in 2001 and 2002, respectively. One year 
after its federal listing, P. poliocephalus was also listed as Vulnerable in the State 
of Victoria. Neither the little red flying fox (P. scapulatus) nor the black flying fox 
(P. alecto) is listed as threatened under any Australian legislation, and the State of 
Queensland has yet to list any flying fox species as threatened (Thiriet 2010).
In 2002, the State of Queensland banned the use of electric shocks for crop 
protection, though this was on grounds of animal cruelty rather than conservation. 
Prior to this, orchardists could receive a damage mitigation permit for electrocut-
ing flying foxes on overhead grids. The use of such electric grids to kill a keystone 
species was later found to be in breach of the EPBC Act 1999 (which had led to 
the listing of P. conspicillatus), although this was construed as a negative impact 
on the world heritage values of a nearby Wet Tropics World Heritage Area rather 
than a biodiversity conservation issue. Shooting of P. poliocephalus and P. consp-
icillatus was still allowed for the purpose of crop protection, with an annual limit 
of up to 1.5 % of the lowest agreed national population estimate for the species. A 
quota of 30 animals per orchardist per month was implemented. However, in 2008, 
the state banned all shooting of flying foxes, again due to concerns over animal 
cruelty (Thiriet 2010).
In 2012, Queensland reintroduced shooting of flying foxes causing damage 
to commercial fruit, including P. poliocephalus and P. conspicillatus. However, 
shooting quotas for these two species are less than for the little red and black 
flying foxes, P. scapulatus and P. alecto. Fruit growers require permits to shoot, 
which are granted only if they can prove that non-lethal methods of control have 
failed. Such permits allow the use of shotguns and heavy shot on stationary but 
not on flying bats. Clear X-ray evidence in Australia (Richards et al. 2012; Divljan 
et al. 2009) and palpation of lead shot in live and dead bats in Madagascar, the 
Seychelles (P.A. Racey, unpublished) and Mauritius (V. Tatayah, pers. comm.) 
reveal that the use of shotguns results in wounding and is inhumane, because death 
is not instantaneous. Also, Thiriet (2010) pointed out that some bats that are shot 
may be lactating, and their young left behind in the colony will eventually starve 
to death. Shotguns were however banned in the Seychelles in the 1970s. The toxic 
effects of lead shot have been well documented for birds (Mateo 2009), and it is 
likely to have similar effects in bats.
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In both Queensland and NSW, there has been very little (if any) monitoring by 
relevant authorities of numbers of bats shot in orchards. The only known scientific 
study was conducted near Sydney in 2007 (Divljan et al. 2009). Over a 140-day 
period, a total of 164 dead or injured flying foxes were collected and data were 
compiled from 136 carcasses. Eighty or so bats per week exceeded the number 
allowed by permits. The sex ratio was strongly skewed towards females (1:1.73), 
of which 54 (65 %) were lactating at the time. Thirteen of these were shot while 
carrying their dependent young, while 41 pups would have been left behind in the 
roost to die. Hence, the total estimate of flying foxes that died due to shooting 
in the orchard over the two-week period was 205. Collected bats suffered from 
various injuries, and at least 30 % (44 % including the pups left in the camp) were 
alive and unattended more than 8.5 h after shooting (Richards et al. 2012). This is 
in contravention of the definition of ‘humane killing’ and the Prevention of Cruelty 
to Animals Act 1979.
13.4.2  Cyprus
In Cyprus, R. aegyptiacus was officially declared a pest by the Department of 
Agriculture in the early 1900s. Destruction campaigns and programs to eradicate 
the species began in the late 1920s. As in Israel, fumigation of caves also depleted 
populations of insectivorous bats. In addition, bats were shot, with the govern-
ment offering free cartridges and payment to participating hunters as well as pay-
ment for dead bats. These control campaigns finally ended in 1990 after there were 
very few bats left (Hadjisterkotis 2006). The species became legally protected 
after Cyprus law No. 24 of 1988 ratified the Convention on the Conservation of 
European Wildlife and Habitats. This was made possible when Cyprus became a 
candidate for European Union membership. As the Convention previously only 
protected insectivorous bats, in 1993 Cyprus added R. aegyptiacus to the EU list 
of protected bats in Annexes II and IV of the council directive 92/42/EEC on the 
conservation of natural habitats and of wild flora and fauna (Hadjisterkotis 2006).
13.4.3  Israel
In Israel, two laws protect animals outside nature reserves or national parks. ‘The 
law for the protection of wild animals’ concerns hunting and is considered to be 
stronger legislation than `The law for the protection of natural values’. The former 
aims mainly to regulate hunting (what, how and where?) and lists all protected 
mammals, including some non-local species. The second law aims to protect 
aniChironax melanocephalus are listed asmals, plants, fossils and speleothems.
R. aegyptiacus is protected by neither law and is considered a pest. Although 
it is legal to kill fruit bats, cruel killing is forbidden by the ’Animal welfare act’. 
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Fruit bat colonies are protected in national parks and nature reserves, but if the 
bats’ foraging sites are outside protected areas, then they may be legally killed.
Israeli conservationists have had protracted negotiations with the Ministry of 
Agriculture regarding Israel joining the EUROBATS agreement. Although that is 
likely to happen in the near future, a derogation will be sought to maintain the pest 
status of R. aegyptiacus, at least for the immediate future (A. Streit, pers. comm.).
13.4.4  Japan
 Pteropus dasymallus is one of the only two pteropodid species found in Japan, 
and as such, it is protected at both national and prefectural levels. Both the Daito 
(P. dasymallus daitoensis) and Erabu (P.d. dasymallus) subspecies are listed as 
critically endangered (CR) on the IUCN Red List, but P.d. inopinatus and P.d. yay-
eyamae are not even listed, and the latter two subspecies are only considered as 
NT in prefectural assessments (Vincenot et al. 2015).
Despite a severe lack of data on the population and conservation status of this 
species, the IUCN identified its threats only as habitat destruction, electrocution 
on power cables and occasional accidental entanglement in nets (Heaney et al. 
2008). Yet Vincenot et al. (2015) have uncovered evidence of conflict between 
P.d. yayeyamae and humans on all fruit production islands in the Yaeyama archi-
pelago that they visited. The only island without conflict, Kuroshima, focuses on 
cattle production instead. This conflict has led to severe declines in flying fox 
populations throughout the archipelago. It is likely that a similar situation occurs 
on Okinawa Island, where P.d. inopinatus occurs, as there is higher urbanisa-
tion and more agricultural fields there, and crop destruction by flying foxes was 
reported there in a 2013 Japanese-language news article. In the light of this new 
evidence, the conservation status of this species needs to be carefully reassessed, 
with population monitoring and conservation programmes being clearly necessary 
requirements.
13.4.5  Malaysia
In Malaysia, wildlife is governed under three distinct legislative systems accord-
ing to the three main geopolitical regions: Peninsular Malaysia, Sabah and 
Sarawak. Protection of the country’s two species of flying fox (P. hypome-
lanus and P. vampyrus) varies within and across each of the main geopoliti-
cal regions. In Peninsular Malaysia, the Department of Wildlife and National 
Parks (also known as PERHILITAN) regulates wildlife policy and hunting. For 
nearly 40 years, wildlife conservation policy was determined by the Protection 
of WildLife Act of 1972, which listed both flying fox species under Schedule II, 
or Protected Wild (Game) Animals. Hunting of both species is allowed with a 
404 S.A. Aziz et al.
permit, and there are no seasons or limits to the numbers of permits that may be 
issued by a state in Peninsular Malaysia. In 1990, under the Protection of Wild 
Life Amendment Order, a bag limit was set that allowed 50 bats to be shot under 
a single permit and the time of hunting was limited to 0700–1200 h and 0500–
0700 h each day. Each licence costs MYR 25 (USD 8) (Teoh 2005). No other bats 
are listed. As in Australia, such a licensed hunting system is difficult to monitor 
and regulate.
A study by Epstein et al. (2009) evaluated the abundance and roost distribution 
of P. vampyrus in Peninsular Malaysia, finding that the number of hunting licences 
issued had doubled since 1996, and concluded that current levels were unsustain-
able and likely to cause local extinction within 6–81 years. Further, these estimates 
of hunting pressure from licence data were likely to be an underestimate as they 
did not include illegal hunting, and there was also a provision in the 1972 Act that 
allowed killing, shooting or removal of an unspecified number of any wild animal 
that is ‘causing damage or there is reason to believe that it is about to cause seri-
ous damage to crops, vegetables, fruit, growing timber…if reasonable efforts to 
frighten away the wild animal have failed’.
The study by Epstein et al. (2009) was highlighted in the media (Burns 2009; 
Kandasamy 2009) and prompted a response from PERHILITAN that they would 
consider implementing a hunting ban as part of the then current review of the act. 
However, when the act was repealed in 2010 by the new Wildlife Conservation Act 
2010 (Act 716), flying foxes had still not been moved from the ‘Protected’ list to 
the ‘Totally Protected’ list, meaning that licensed hunting is still permitted, and the 
provision for protecting crops (Part VI, sec 54) is also still permitted in the new 
legislation.
In February 2012, following lobbying and recommendations from conservation 
research group Rimba, the Terengganu state government implemented a state-wide 
moratorium on hunting of flying foxes (Rimba 2012). Prior to this, the State of 
Johor had banned hunting of all wildlife when its Sultan issued a royal decree to 
this effect (Charles and Benjamin 2010). However, to date, no nation-wide hunting 
ban has been announced by PERHILITAN at the federal level, and other bat spe-
cies remain unprotected.
As in Peninsular Malaysia, in Sabah, the two flying fox species are currently 
listed under Schedule 3, sections 2, 25(2) as ‘Protected species of animals for 
which hunting licence is required’ under the Wildlife Conservation Enactment of 
1997. However, there is no clear provision for shooting animals to protect crops 
without a licence, and no other bat species are legally protected.
In Sarawak, research by Gumal et al. (1998) successfully resulted in all bat 
species in the state being listed as ‘Protected’ in May 1998, under Part II of the 
Sarawak Wildlife Ordinance 1998 (with the exception of Cheiromeles torquatus 
that is listed in Part I, as ‘Totally Protected’). The Sarawak Forest Department 
does not allow legal bat hunting and has implemented some of the strictest policies 
in Malaysia to regulate guns and ammunition and decrease the extent of wildlife 
poaching.
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13.4.6  Mauritius and Madagascar
In 2006, the government of Mauritius proposed changes in legislation to allow 
culling of the only pteropodid on the island, the endemic P. niger, as a result of 
losses of marketable fruit, principally lychees. Any effect of this change was con-
founded, however, by existing legislation that prohibited the discharge of firearms 
after dark or with the aid of lights, and in the event, in one year, only six bats 
were officially killed. The proposal to cull an endemic species (albeit only in fruit 
orchards) on an island where two species (small Mauritian flying fox P. subniger 
and Rodrigues flying fox P. rodricensis) had already become extinct as a result of 
cyclones, habitat loss and overhunting was a major factor in the upgrading of the 
Red List status of P. niger in 2008 from Vulnerable to Endangered. Pressure on 
the government from growers of commercial fruit, particularly lychees, but also 
longans and mangoes, resulted in surveys of bat numbers by the National Parks 
and Conservation Service (NPCS). In November/December 2010, 49–56,000 
bats were counted at 47 roost sites. This was broadly consistent with the results 
of an earlier count by Robyn (2007) of 12–16,000 bats at 24 of 57 known roosts. 
As a result, the Red List status of P. niger was downgraded from Endangered to 
Vulnerable in 2013.
Despite assurances from NPCS that there were no plans to cull bats, the 
National Terrestrial Diversity and National Parks bill was being considered 
by parliament in May 2012 and has been the subject of a public consultation. It 
allows for the culling of species that have attained high numbers and pest status. 
Irrespective of this, the Mauritian Wildlife Foundation, the main conservation 
NGO on the island, reports that up to 2000 bats are shot annually by hunters and 
fruit growers.
In Madagascar, bats are ‘animaux gibiers,’ i.e. game animals, and can be hunted 
legally although there is a close season coinciding with pregnancy and lactation. 
Officially, licences are required by hunters, but in practice, this is not usually 
observed, as enforcement is challenging to implement. Some hunters observe the 
close season (P.A. Racey, unpublished).
13.4.7  South Asia
In India, all pteropodid species with the exception of the Critically Endangered 
Latidens salimalii are categorised as vermin and included as such in Schedule V of 
the Indian Wildlife (Protection) Act 1972 and Amended Acts. However, only three 
of the thirteen species—P. giganteus, R. leschenaultii and C. sphinx—feed exten-
sively on commercial fruit, and the remaining ten species forage mainly in forest 
where they play an important role in pollination and seed dispersal, and there is no 
evidence that they visit commercial orchards. The Indian government has ignored 
successive attempts by conservationists to have forest bats delisted (Singaravelan 
et al. 2009).
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In Bangladesh, the newly revised Wildlife Preservation and Security Act 2012 
protects all species of bats. Hunting is prohibited without government permission 
and a licence, and offenders can face imprisonment and/or a fine (Act translated 
from Bengali by A. Islam, pers. comm.).
In Pakistan, P. giganteus is listed in the fourth schedule of the Punjab Wildlife 
(Protection, Preservation, Conservation and Management) Act 1974, which specif-
ically includes animals that have no legal protection and can be hunted.
In Sri Lanka, the Fauna and Flora Protection Ordinance 1937 (amended 2009) 
provides protection for all bat species in the country, and hunting is strictly pro-
hibited. Bat roosts such as caves are not currently protected, but the Department of 
Wildlife Conservation is currently in discussion to protect such sites as refuges by 
law (W. Yapa, pers. comm.).
13.4.8  Thailand
In Thailand, all species of Pteropus (P. hypomelanus, P. intermedius, P. lylei, P. 
vampyrus), nectarivorous bats (E. spelaea, Macroglossus minimus and M. sobri-
nus) and Chironax melanocephalus are listed as ‘protected animals’ under the 
Wildlife Protection and Reservation Act 1992. Another 13 bat species found in 
Thailand, including all Cynopterus and Rousettus, are not protected. However, all 
animals are protected within designated areas, which include national parks, wild-
life sanctuaries, and religious establishments (temples, mosques).
Out of a population of 38,000 bats forming 16 colonies of P. lylei in central 
Thailand, 90 % (13 colonies) are found in temples (Boonkird and Wanghongsa 
2004), and thus their roosting colonies are well protected. In contrast, most known 
colonies of P. vampyrus and P. hypomelanus are found outside protected areas and 
therefore suffer from hunting and roost disturbance, except for colonies on oce-
anic islands. Generally, due to cheaper prices and greater abundance of fruit crops 
in Thailand, along with smaller population sizes of flying foxes, Pteropus spp. 
are less likely to be regarded as crop pests. However, smaller fruit bats such as 
Cynopterus spp. and Rousettus spp. are common and are still regarded as pests. 
Hunting and selling of flying foxes is widely known to be illegal. Attempts should 
be made to protect roosting sites outside designated protected areas.
13.5  Non-lethal Methods of Mitigation
13.5.1  Netting and Associated Tree Management
The only demonstrably effective method of preventing loss of fruit to bats and 
birds is full exclusion netting. The country in which this has been deployed to the 
greatest extent and most successfully is Australia where some large fruit orchards 
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are enclosed in nets supported by cables, frames or posts (Minifie and Willis 1990; 
Campbell and Greer 1994; Gough 1992; Stacey 1992; Hall and Willis 1992). The 
netting has a mesh size of about 48 mm, is erected well above the height of the 
trees and is also attached to the ground at the edges (Fig. 13.1). Such orchards 
extend to 90 ha in area (G.C. Richards, unpublished), and the nets protect the 
crops from bats, other mammals (including possums), birds and hail. Estimates 
of the cost per hectare of netting vary widely from AUD 6,000 (from a conser-
vationist) to AUD 60,000 (from a fruit grower) (Don’t Shoot Bats 2013). Several 
Fig. 13.1  Nets supported by frames in Australia over apples and stone fruit (Photograph Greg 
Richards)
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state governments now subsidise the erection of netting for orchardists, and most 
of those interviewed considered that the structures pay for themselves at the first 
harvest.
But while netting may work for some, issues remain with its implementation 
in Australia, resulting in poor uptake among some growers (Gough 2002; Ullio 
2002). Exclusion netting is costly and thus may not be economically feasible, par-
ticularly for smallholdings when flying fox damage is inconsistent and unpredict-
able from year to year (Slack 1990; Tidemann et al. 1997; Bower 2002; Gough 
2002; McLachlan 2002; Rogers 2002; Ullio 2002). Many growers are reluctant to 
take on this added financial burden and are unlikely to net their crops (Ullio 2002). 
Bicknell (2002) pointed out that the financial cost of maintaining netting is too 
great, and it brings an added risk as a fire hazard. Comensoli (2002) further stated 
that the annual cost of leasing finance for netting outweighed the actual cost of 
flying fox damage to his crops. He and Ullio (2002) also pointed out that netting 
creates a microclimate within the orchard that results in poor fruit yield and infe-
rior fruit quality—an experience echoed by other growers, with at least one case of 
netting in a lychee orchard resulting in a fungal disease (Bicknell 2002).
However, many orchards can be netted as long as they qualify for a state gov-
ernment subsidy, which is often 50 % of the cost. For example, the netted orchard 
shown in Fig. 13.1 was able to recover its costs at least by the second season, and 
with 18 ha (40 acres) now protected not just from bats, but also birds and hail-
stones, it produces top-quality fruit at high prices and with an environmentally-
friendly tag. It used to be thought that because flying fox damage was sporadic 
and netting might have detrimental effects on crop growth, permanently netting an 
orchard was not viable for some orchards (Comensoli 2002; Rogers 2002; Ullio 
2002). However, now that the industry has settled on a mesh size of 48 mm, so 
insect pollinators can freely access fruit trees, detrimental effects are no longer 
reported.
Netting is still not suitable for the banana industry, where plantations are often 
located on steep slopes that are impossible to net (Bower 2002; Rogers 2002; 
McLachlan 2002). In some cases, farmers who cannot afford to net have been 
forced out of business by heavy losses to flying foxes and other frugivores (Rogers 
2002). This industry should investigate specific options and provide research fund-
ing for trials of innovative ideas, such as solar-powered ripening bags. To ensure 
that bananas ripen evenly, in Australia each bunch is covered with a plastic bag 
so that the ethylene by-product is evenly distributed. Once flying foxes smell the 
ripening aroma, they home in on bunches that they know to be palatable. A solar-
powered bag with a low-voltage electric barrier would humanely deter flying 
foxes, and they would eventually learn not to tear bags open to feed.
A decade after the earlier reports, it is becoming increasingly accepted that net-
ting of orchards is the only method of ensuring their full protection. In Australia, 
consumer expectations of high-quality fruit are acknowledged by major supermarket 
chains, so all fruit must be unmarked. Netting that excludes flying foxes, parrots and 
hail is now considered an industry standard by large producers, so it is only small 
family orchards that usually do not install nets. Because netting entire orchards is 
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expensive (Reilly and Slack 1990), it can only be undertaken when large-scale farm-
ing of cash crops makes it cost-effective and justifies the investment.
Commercial crops are also protected by netting in Israel (Korine et al. 1999) 
and Thailand (Fig. 13.2) (S. Bumrungsri, unpublished), where fixed nets that cover 
the trees are most effective, although some growers also use mist nets despite their 
untested efficacy. They are usually lethal to bats, which are not always removed 
from the nets (C. Korine, pers. comm.). In Thailand, some fruit farmers also erect 
mist nets in their orchards, leaving tens or hundreds of nectarivorous bats (e.g. E. 
spelaea) to die (S. Bumrungsri, unpublished).
In some countries, such as Mauritius, entire lychee trees are netted and the gov-
ernment encourages this by subsidising 75 % of the cost of 10 nets per grower. 
However, individual growers may have 200–300 trees, and the method is appli-
cable only to relatively low-growing orchard trees and not to the much older and 
larger ‘backyard’ trees which produce a significant proportion of the national 
lychee crop.
In Thailand, entire longan trees or groups of trees are covered by either 
plastic sheets or netting and the former also accelerate ripening (Fig. 13.3) 
(S. Bumrungsri, unpublished). Farmers actively prune these trees after harvest-
ing, in order to maintain their low stature so that the trees are easily covered with 
netting during the next fruiting season. A cheaper method of mitigation used in 
Fig. 13.2  Netted longan orchard in Thailand (Photograph Sara Bumrungsri)
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Mauritius and Cambodia involves the use of panicle nets consisting of small net 
bags commonly used to package vegetables, which are of an appropriate size to fit 
over an immature lychee panicle and can be reused from year to year (Fig. 13.4).
In Mauritius, trees are also pruned to make it easier to cover them with nets, but 
this involves some loss of productivity until they grow new fruit-bearing branches. 
When new orchards are planted, dwarf varieties are recommended (as bats prefer 
feeding on taller trees) and trees are now more widely spaced and are kept pruned 
to a height that facilitates the deployment of panicle or whole-tree nets. This low-
ers fruit production for the first three fruiting seasons, but production increases 
after that. When nets are supported by frames or poles, trees must also be pruned 
so that they do not grow into the net. This active pruning technique can also be 
applied to rambutan and lychee. Some nets are removed at the end of the fruiting 
season and replaced at the beginning of the next. However, most growers leave the 
nets in place for several seasons (V. Tatayah, pers. comm.).
Much fruit is picked before it has fully ripened and becomes attractive for fly-
ing foxes. Mango farmers in north Queensland stated in interviews (G.C. Richards, 
unpublished) that they harvested their crop just at the onset of ripening, well before 
it became soft enough to be highly attractive to bats. As well as being too hard to 
bruise during transport to markets as a high-quality product, there was negligible 
loss to the growers. By the time flying fox raids began to increase, the remaining 
crop was high on the trees and difficult to harvest and was left for wildlife.
Fig. 13.3  Longan trees covered by nets in Thailand (Photograph Sara Bumrungsri)
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In Bangladesh, a simple cost-effective method is used to prevent bats (including 
P. giganteus and smaller fruit bats, Cynopterus and Rousettus spp.) and other pests 
(e.g. birds) from accessing date palm sap during collection. This involves the use of 
bamboo skirts that cover the top of the collection pot and the shaved part of the palm 
tree (Nahar et al. 2010) and has been enthusiastically adopted by palm sap collec-
tors (gachhis) (Fig. 13.5). Without it, date palm sap contaminated with bat faeces and 
urine is of lower quality and value, and, importantly, the risk of Nipah virus transmis-
sion is also reduced by using bamboo skirts over collection pots (Nahar et al. 2010).
13.5.2  Decoy Crops
A decoy crop produces less valuable or non-commercial fruit which is more 
attractive to bats than the crop to be harvested. Before selecting a plant species as 
a decoy crop, the feeding habits and preferences of the bats should be established. 
There have been many relevant studies. For example, in the Indian Ocean, Racey 
and Nicoll (1984) listed the food plants of the Seychelles flying fox (Pteropus 
seychellensis), while Nyhagen et al. (2005) did so for P. niger on Mauritius. 
Bollen and van Elsacker (2002) and Long and Racey (2007) studied the diet of 
the Madagascan flying fox (Pteropus rufus) in Madagascar and showed that bats 
feeding within 100 km of one another shared few food plants. The diet of another 
Fig. 13.4  Net bags enclosing lychee panicles in Mauritius (Photograph Vikash Tatayah, Mauri-
tian Wildlife Foundation)
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Malagasy endemic Eidolon dupreanum was described by Picot et al. (2007). Stier 
and Mildenstein (2005) studied the dietary habits of P. vampyrus and Acerodon 
jubatus in the Philippines. Parry-Jones and Augee (2001) and Williams et al. 
(2006) investigated food resources and the effect of food availability on the occu-
pation of urban areas by P. poliocephalus in Australia, where Richards (1990) also 
described the diet of P. conspicillatus. Bumrungsri et al. (2007) reported on the 
diet of two species of Cynopterus in Thailand, and Hodgkison et al. (2003, 2004) 
studied nine fruit bat species in Peninsular Malaysia.
However, only a few studies have sought rigorously to establish feeding 
preferences: Korine et al. (1998) for R. aegyptiacus, Yapa et al. (1999) for C. 
sphinx, Nelson et al. (2005) for the Pacific flying fox (Pteropus tonganus), and 
Andrianaivoarivelo et al. (2012) for the Madagascan rousette (Rousettus madagas-
cariensis). Bats were briefly taken into captivity to assess their fruit preferences. 
The first study compared fruits preferred by bats with those eaten by birds, and 
found that while bats ate 100 % of the introduced fruit species they were offered, 
Fig. 13.5  Bamboo skirt 
to prevent bats from 
accessing palm sap in 
Bangladesh. Photograph JH 
Epstein/EcoHealth Alliance
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only 14 % of native fruit species offered to them were actually consumed—sug-
gesting that R. aegyptiacus only became common in the eastern Mediterranean 
with the introduction of new cultivated plants (Korine et al. 1998). The second 
study found that out of three different types of fruit offered, guava was the most 
preferred, followed by sea almond (Terminalia catappa) and mango, with fully 
ripe fruits being preferred over semi-ripe fruits. It concluded that this provided 
some support for farmers’ claims that bats caused damage to their crops (Yapa 
et al. 1999). The third study tested fruit choice in relation to nutritional require-
ments. Flying foxes were found to prefer low-calcium, high-sugar fruits such as 
papayas, but although sugar was the primary basis for fruit selection, pregnant 
and lactating females required greater amounts of calcium. However, the fly-
ing foxes in this study consistently avoided figs, which are excellent sources of 
calcium (Nelson et al. 2005). In the last study, bats were found to prefer native 
and commercially unimportant figs (F. polita), rose apple (Syzygium jambos) 
and mountain apple (S. malaccense) to the cash crops of lychees and persimmon 
(Andrianaivoarivelo et al. 2012). These important results provide a perspective on 
the dietary preferences of pteropodids and should be repeated with other species.
There is convincing evidence that planting Muntingia calabura, which is very 
attractive to C. sphinx, can lessen the impact of these bats on commercial fruit. 
Singaravelan and Marimuthu (2006) showed that C. sphinx visited Muntingia 
more than any other wild or commercial fruit and recommended that it is planted 
around fruit orchards. Verghese’s (1998) study on grapes in India found that less 
bat damage occurred closer to a mango orchard and suggested that presence of 
these trees deters the bats from feeding on grapes. However, it may be that the fruit 
bats simply show a stronger preference for feeding on mangoes (e.g. Ayensu 1974; 
Mahmood-Ul-Hassan et al. 2010). It would thus be useful to compare the results of 
Verghese’s (1998) study with a similar study in the adjacent mango orchard.
Law et al. (2002) recommended planting trees which fruit in spring in 
Australia to relieve the flying fox damage suffered by orchardists at that time 
of year. Although the effectiveness of these decoy crops is yet untested, there 
is evidence that P. poliocephalus will cease consumption of commercial fruit 
if alternative native foods become available (Eby 1990). However, in order to 
be effective, the selection of plant species must be based on their high produc-
tivity and attractiveness to bats as well as producing fruit at the same time as 
the commercial crop. Local site conditions must also match the specific needs 
of the plant in order to ensure optimum growth. Most importantly, these food 
trees should not be planted in the immediate vicinity of orchards but located 
away from commercial fruit-growing areas in order to attract the bats away from 
orchards (Law et al. 2002). The authors also suggest that planting Syzygium 
around commercial fruit trees may reduce the feeding of bats on the latter. As 
these planting schemes still need to be tested for effectiveness, Law et al. (2002) 
suggested monitoring results through regular mapping and identifying dietary 
changes in the bats.
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13.5.3  Deterrents/Aversion Agents
There is some evidence that strong smells such as rotting fish may deter bats from 
approaching ripening fruit and trials to investigate this are currently under way 
in Thailand (S. Bumrungsri, unpublished). Bicknell (2002) suggested that smoke 
could be used as an aversion agent, since it is known among Australian orchardists 
that it is disliked by flying foxes. On Tioman Island in Malaysia, anecdotal infor-
mation from local communities relates that people build fires under roost trees in 
order to smoke out flying foxes, although the efficacy of this method is only tem-
porary as it does not deter them from returning (S.A. Aziz, unpublished).
Over the last 30 years in Australia, deterrents used by fruit growers have 
included flashing and rotating lights, electronic distress sounds, gas-operated bird 
scare guns, electric shocks, and smell and taste deterrents. However, most of these 
are used in isolation and their effectiveness has not been systematically assessed, 
with results being mixed and most evidence anecdotal (Ullio 2002). A project 
to trial smell and taste deterrents was carried out by the Queensland Parks and 
Wildlife Service (QPWS) and the Queensland Flying-fox Consultative Committee 
(QFCC) in 2000. This involved three different commercial products for repelling 
animals, but none provided complete protection, and the results were ultimately 
inconclusive due to the small scale of the testing. A plant secondary compound 
was also tested, with more promising results, and further trials were planned 
(Teagle 2002), although the outcome is unknown. Bicknell (2002) considered 
that shooting to frighten, rather than shooting to kill, could also be an effective 
method.
A noise deterrent was developed in Australia in the late 1990s that reduced 
orchard crop losses caused by P. conspicillatus and P. poliocephalus, which 
was an adaptation of a bird deterrent known as the ’Phoenix Wailer’ (Phoenix 
Agritech Canada Ltd). In essence, it was a sound system with four stereo chan-
nels. Each channel had a speaker in the centre of the crop and another at a cor-
ner. Sounds were randomly played on each channel, with the sound appearing 
to come from the centre of the stereo pair. Pellet scars on wing membranes of 
a large proportion of flying foxes captured in Australia indicate that they had 
been targeted using shotguns, and therefore, the deterrent system also repro-
duced a shooting scenario. Sounds of humans (motorbikes, dogs barking) came 
from one channel, then randomly from another channel came sounds of shot-
guns, and then from another the screams of a wounded flying fox. Trials in sev-
eral fruit-growing areas were successful, but the results were not accepted by 
the industry, which instead called for government trials although these were not 
implemented. The fruit-growing industry itself did not support independent tri-
als, so this novel approach to mitigation has not been adopted (G.C. Richards, 
unpublished).
An ultrasonic repeller (Ultrason-X; Bird-X Inc, Chicago) was ineffective at 
preventing damage to longan panicles by P. niger in Mauritius. A similar device 
(Sonixgate, Tikod Trade Ltd. Tel-Aviv www.batman.co.il) is used in Israel in 
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lychee orchards where it is popular with users, although its effectiveness has not 
been independently established (C. Korine, pers. comm.). Bomford and O’Brien 
(1990) reviewed the effectiveness of several sonic deterrent devices in animal 
damage control, although most tests did not involve bats. They pointed out that 
the efficacy of ultrasonic deterrents for bats was controversial, and there was 
no evidence that such devices had practical value. They concluded that broad-
casting distress or alarm calls was probably the most promising noise deterrent 
method.
13.5.4  Combined Methods of Mitigation
In India, partially covering vulnerable sections of the canopy of fruit trees, illu-
mination and scaring with noises saved 4.5, 6 and 11 % of the fruits of sapota, 
respectively (Chakravarthy and Girish 2003). However, the effectiveness of these 
methods was temporary, and for longer term protection, three methods were rec-
ommended: planting non-commercial species of figs attractive to the bats; dividing 
orchards into smaller plots so that trees may be covered with sprigs of foliage, 
thatch or nylon net; and covering bunches of grapes with dry sprigs of foliage, net-
ting, use of firecrackers or electric fencing. Also in India, Verghese (1998) found 
that grapes in vineyards could be protected from bat damage if nylon netting is 
erected around the trellis-grown bower up to bower height, combined with using 
twigs and briers to cover canopy gaps in the bower.
A combination of lights, noises and plastic flags is widely used in Mauritius  
(V. Tatayah, pers. comm.).
13.5.5  Biological Control Agent—Weaver Ants Oecophylla 
longinoda
During an interview survey in Guinea, west Africa, almost half of farmers reported 
that bats fear the weaver ant Oecophylla longinoda, and more than half appreciate 
that orchards with abundant weaver ants experience less fruit damage due to the 
ants’ protective role, possibly because bats are repelled by the smell of the ants. 
However, 40 % of farmers also felt that the weaver ant itself is also a form of pest, 
as it rolls up leaves and is a nuisance during harvest (Van Mele et al. 2009). Yet 
this species is considered by entomologists and ecologists to be a potential biolog-
ical control agent (Van Mele 2008). Lokkers (1990) has also suggested the poten-
tial of using weaver ants to reduce fruit damage by bats in Australia. However, this 
proposed method would require a native weaver ant species and requires further 
research and field trials.
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13.6  Recommendations and Issues for Future 
Consideration
According to opinions from both conservationists and some orchardists, shooting 
is not an effective means of mitigating flying fox damage to fruit crops, particu-
larly when animal numbers are high (Hall and Richards 1987a, b; McLachlan 2002; 
Ullio 2002; Thiriet 2010). Most fruit damage occurs when the bats’ native food 
supply is drastically lowered due to droughts or nectar washout (i.e. when heavy 
rain washes the nectar off the flowers), and killing does not prevent damage in 
orchards under high flying fox pressure. Because of the bats’ mobility, shooting will 
not stop bats from foraging, as a continuous stream of animals will move into the 
site from further afield (Martin and McIlwee 2002). Shooting flying foxes has thus 
become an unnecessary persecution. Hundreds of thousands have been killed in 
Australia’s east coast, even though for 80 years it has been known to be ineffective.
The most effective method to date for reducing crop loss not just to bats, but 
also to birds and hailstones, is full exclusion netting. If growers’ estimates of 
orchard losses to animals have some credence, then their exclusion is the most 
appropriate management option. The implementation of such an effective miti-
gation measure should thus be explored in other countries that experience prob-
lems of bat damage to fruit crops. This requires full cooperation between the 
fruit industry, relevant managing authorities from the government, scientists and 
conservationists.
In addition to this, below we summarise some main issues that warrant more 
detailed attention and action in order to resolve the conflict between pteropodid 
bats and fruit growers.
13.6.1  Better Knowledge of Pteropodid Diet and Foraging 
Preferences
Studies from Cyprus, Israel, Madagascar and Pakistan have shown that fruit bats 
prefer native wild fruits compared to commercial fruit crops (Korine et al. 1999; 
Mahmood-Ul-Hassan et al. 2010; Del Vaglio et al. 2011; Andrianaivoarivelo et al. 
2012). These findings can be used as a compelling argument in mitigating conflict 
with orchardists (Del Vaglio et al. 2011) and to prevent deliberate killing of bats for 
crop protection. However, examples from Australia, Fiji, India, Japan and Malaysia 
show that depletion of food resources due to habitat loss can drive flying foxes to 
feed in fruit orchards (Gumal et al. 1998; Verghese 1998; Tidemann 1999; Nakamoto 
et al. 2007; Luskin 2010). Any mitigation efforts therefore must ensure that wild 
food sources continue to be maintained in the long term, and where these have been 
depleted, tree-planting must be carried out to replenish the loss. This is especially 
important because Nelson et al. (2000) showed that there are negative nutritional con-
sequences for flying foxes which change their diet from native to agricultural fruits.
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However, Biel (2002) reported that even when much native blossom was availa-
ble nearby, P. poliocephalus still preferred to feed on fruit crops, and Bower (2002) 
stated that it appears to prefer lychees ‘over all naturally available foods’. Rogers 
(2002) reported that flying foxes on the North Coast of NSW were initially only a 
problem for the stone fruit, lychee and persimmon industries, but that once more of 
these orchards started adopting netting, the bats began moving on to bananas, coffee, 
mandarins and mangoes. This was exacerbated in 1999 and 2000 by a decrease in 
native food, with McLachlan (2002) reporting a similar issue for the 2000/2001 sea-
son. Yet there is some evidence that flying foxes will cease to feed on commercial 
fruit crops if their native food sources again become available in the wild (Eby 1990; 
Andrianaivoarivelo et al. 2012). The solution may thus consist of a careful selection of 
preferred tree species planted in appropriate locations away from fruit orchards (Law 
et al. 2002). Such methods are as yet unproven and require further trials and research.
13.6.2  Funding Interventions and Research to Mitigate  
the Pteropodid–Grower Conflict
Bicknell (2002) advocated an urgent need for funding research into non-lethal aver-
sion agents to mitigate flying fox damage. Such research funds have not yet been 
made available in Australia. Individual government authorities have been reluc-
tant to take ownership of the problem, while industry organisations do not view 
it as an industry-wide issue, as the majority of fruit growers in some parts of the 
country are not affected. Apart from research into specific mitigation methods, 
there is also a need to study netted orchards in order to determine the effects of net-
ting—not just on the environment created under the net and on the ripening fruit, 
but also the implications of excluding other potential pollinators such as birds and 
insects. Ultimately, however, aversion agents and cheaper methods would be a pre-
ferred method for many orchardists in Australia compared to netting or even cull-
ing (Ullio 2002), and funds should be provided to develop and test such methods 
(Bicknell 2002; Bower 2002; Thiriet 2010). Thiriet (2010) also suggested that the 
dearth of such funding is caused by negative community attitudes and political con-
siderations, which may influence the inaccurate conservation status of some species 
of flying foxes, such as Least Concern as in Queensland. The unpopularity of these 
species must thus be overcome in order to attract appropriate research funding.
Australian orchardists maintain that it is the government’s responsibility, 
not theirs, to fund the research (Bicknell 2002) because they believe it was not 
orchards which caused the habitat loss driving this problem (Tidemann 1999). 
Bicknell (2002) pointed out that orchards provide flying foxes with food when 
wild resources are scarce. He also highlighted how government departments 
are responsible for releasing large areas of flying fox habitat for logging and 
agriculture and that therefore, the financial burden of protecting crops from fly-
ing foxes should be borne by the authorities. Biel (2002) echoed this concept of 
‘public good conservation’, stating that flying fox conservation benefits the wider 
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community, and cited examples of other projects that utilised the community ben-
efit approach. He pointed out that the loss of native flying fox food in Australia 
was caused by ‘the people who lived in the cities’, since most fruit orchards were 
established on land that had already been previously cleared for cattle grazing. 
Fruit growers could thus be said to have revegetated the land, and therefore, it is 
unfair that they alone should bear the cost of protecting flying foxes. Martin and 
McIlwee (2002) agree with this and recommend that the cost of netting should be 
subsidised by federal funding.
13.6.3  Education of Growers and the Public
Apart from research into damage mitigation methods, there is also an urgent need to 
educate fruit growers and increase their awareness on the ecological and economic 
importance of pteropodid bats. Huang et al. (2014) found that in Sumatra, less than 
20 % of coffee growers interviewed (n = 16) were aware that bats were pollinators, 
and none were aware that bats dispersed seeds. As demonstrated by Bumrungsri 
et al. (2008, 2009), pteropodids are major pollinators for some commercially impor-
tant fruit trees, even when the bats may not be the most frequent visitors. In northern 
Queensland, P. conspicillatus plays a vital role in rainforest reproduction through 
pollination, and although these bats may affect the fruit industry, there has never 
been a full study of the economic value of flying foxes as pollinators of eucalypt 
hardwood forests in Australia. The majority of timber trees harvested on the east 
coast produce nectar and pollen only at night (P. Birt, unpublished). This means that 
as flying fox populations decrease, fewer timber trees will join the logging cycle.
More importantly, pteropodid bats play a major role in seed dispersal. The fur-
ther that a fruit is dispersed from the parent tree, the greater the chance of any 
resulting seedlings surviving to maturity. Fighting over feeding territories (the 
squabbling heard at night) leads to the loser departing with a fruit in its mouth, and 
consuming it at a distance. This has been termed the ‘raiders versus residents’ seed 
dispersal model (Richards 1990), tested by McConkey and Drake (2006) in Tonga, 
where they showed that once numbers of flying foxes declined below a threshold 
where there was no conflict over feeding territories, then seed dispersal away from 
the parent tree ceased.
Therefore, while economic estimates of fruit loss are an important first step 
in quantifying the problem of crop damage, a cost–benefit analysis that takes 
into account the positive economic impact of ecosystem services provided by the 
same bat species (e.g. pollination and seed dispersal to maintain healthy forests) 
is needed. The resulting data must be shared and communicated to growers and 
orchardists. They will form a crucial component in mitigating conflict, as at least 
one example from an Australian orchardist shows that ignorance can lead to opin-
ions that the ecological role of flying foxes is negligible. The orchardist claimed 
to have seen no evidence that flying foxes are essential to forests (Bicknell 2002). 
This shows that in some cases, feeding on fruit crops can create a negative bias 
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among fruit growers against the beneficial aspects of bats. Therefore, bat conser-
vation must also extend to educating and raising awareness of the farmers and fruit 
growers who bear the brunt of bat damage to their crops.
In Australia, NSW Agriculture suggested that in order to address and over-
come the conflict between fruit growers and flying foxes, a NSW Flying-fox 
Consultative Committee should be formed along the lines of the Queensland 
Flying-fox Consultative Committee (QFFCC). This would include a dedicated 
Flying-fox Management Unit that would be responsible for population monitor-
ing, community liaison, research and compensation to growers (Bower 2002). The 
QFFCC’s role included providing a forum for multi-stakeholder consultation, pro-
viding advice on policy development, developing strategies to address crop dam-
age, and disseminating information to stakeholders (Teagle 2002). This model of 
collaborative approach involving all interest groups should be adopted in other 
countries where pteropodid feeding is a serious concern for their respective fruit 
industries. However, support for this type of consultation is entirely dependent 
upon the policies of the government of the time. No consultative committees now 
exist in New South Wales or Queensland, and the government of the latter state 
actively supports the destruction of flying foxes in orchards.
In the Mascarene Islands, public education programmes about P. rodricensis on 
Rodrigues since 1998 have led to a sense of pride in this species among the inhabit-
ants, despite the fact that the increasing bat population (>20,000 individuals on an 
island area of 109 km2) damages the fruit on backyard trees and causes some discon-
tent. While Rodriguans complain about loss of fruit, they are still tolerant of the bats, 
as a result of positive messages in schools and communities, and are less inclined to 
call for culling as a solution to the crop-raiding issue (V. Tatayah, pers. comm.).
13.7  Conclusions
Pteropodid bats can reduce the harvestable yield of a wide range of fruit crops, 
resulting in economic losses that can be severe. However, this problem appears 
to be caused, and exacerbated, by continuing loss of the bats’ natural food, which 
happens when humans clear natural forests. Lethal methods to reduce fruit crop 
damage are ineffective and problematic, and thus, the best solution is to imple-
ment non-lethal mitigation such as fixed nets, deterrents and decoy trees. In 
some instances, a combination of some or all of these non-lethal methods may 
be required. However, further research and trials are required for some of these 
methods, and these would be aided by ecological research focusing specifically 
on feeding behaviour and dietary preferences of those pteropodid species impli-
cated in crop damage. In addition, there is an urgent need to educate fruit grow-
ers, authorities and the general public about the important benefits and ecosystem 
services provided by pteropodid bats. Such information may work best when pre-
sented in economic terms and measurements, such as cost–benefit analyses, to 
make it immediately relevant to economies and livelihoods.
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